The growth of Treponema denticola in a complex medium was stimulated by human ceruloplasmin and, to a lesser extent, albumin, a-l-antitrypsin, a-l-acid glycoprotein, and a-2-macroglobulin. Human ceruloplasmin could stimulate growth of T. denticola as well as or better than 5% rabbit serum, with a dose-response relationship of between 1 and 5 mg of ceruloplasmin per ml of culture medium. These results suggest that ceruloplasmin could substitute for rabbit serum in stimulating the growth of T. denticola.
The cultivable spirochete Treponema denticola is stimulated by the addition of rabbit serum to various media (1, 5) . A previous report had shown that a growth factor for Treponema dentium, present in rabbit serum or ascitic fluid, could be replaced by either a2-globulin or Cohn fraction IV (6). T. dentium is no longer a recognized species, and its name is presumably a pseudonym for T. denticola (4) . However, strains of T. denticola do not show the growth stimulation in response to a2-globulin that they show in response to rabbit serum (1) . The objective of the present investigation was to reinvestigate what protein factors present in serum could replace the stimulatory effect of rabbit serum on the growth of T. denticola. For this purpose, commercially available components of various sera were screened for their ability to stimulate growth.
T. denticola ATCC 35405, ATCC 35404, ATCC 33520, ATCC 33521, and ASLM, a recent isolate from subgingival plaque associated with human periodontitis, and T. vincentii ATCC 35580 were evaluated to determine whether they could be stimulated by various serum factors. As a basal medium, tryptone-yeast extract-heart infusion (TYH) broth, described elsewhere (2), was prepared without the gelatin and then diluted to 0.2% with distilled water (0.2% TYH). The commercially available serum proteins listed in Table 1 were individually added to the 0.2% TYH broth. All proteins were purchased from Sigma Chemical Co., St. Louis, Mo., with the exception of fibronectin, which was a gift of D. Lopatin. Two-to three-day-old cultures of T. denticola ATCC 35405 growing in the 0.2% TYH broth were inoculated into the various broths (inoculum size, approximately 108 cells), and turbidity was read at 520 nm initially and daily during 3 days of anaerobic incubation in an atmosphere of 85% N2, 10% C02, and 5% H2 at 35°C. Longer incubation periods were not associated with additional growth. Attempts to measure cell growth by plating on agar medium were not successful because of problems inherent in the quantitative recovery of spirochetes on agar surfaces.
T. denticola ATCC 35405 was able to grow in this diluted TYH broth in the absence of rabbit serum and exhibited a dose-related growth response to the addition of 1 to 5% rabbit serum (Fig. 1) . On the other hand, T. vincentii did not grow in the absence of serum but responded to the addition of serum up to 10% (Fig. 1) . Human ceruloplasmin, albumin, a-i-acid glycoprotein, a-2-macroglobulin, and a-1-antitrypsin were able to stimulate the growth of T. denticola (Table  1) . However, albumin, a-i-acid glycoprotein, and a-i-antitrypsin obtained from animal sera were nonstimulatory, as were immunoglobulin G, immunoglobulin A, and transfemn.
The growth stimulatory effect of ceruloplasmin was studied further. Ceruloplasmin in the concentration range of 1 to 5 mg/ml exhibited a dose-response curve for the growth of three strains of T. denticola and T. vincentii ATCC 35580. At 5 mg/ml, ceruloplasmin stimulated growth of T. denticola as well as or better than 5% rabbit serum (Fig. 2) . Copper added in doses equivalent to those found in ceruloplasmin could not substitute for ceruloplasmin ( Table 2 ), suggesting that the protein moiety of ceruloplasmin was needed as a nutrient by T. denticola.
These results suggest that human ceruloplasmin could substitute for 5% rabbit serum in stimulating the growth of T. denticola. Preliminary characterization of the active factor in rabbit serum indicated that (i) it could be precipitated with ammonium sulfate, (ii) it was nondialyzable, (iii) it was a weakly anionically charged protein, and (iv) it was eluted from a Bio-Gel A-5m column in the vicinity of 150 kilodaltons. which is comnarable to the elution orofile of cerulo- fraction contains ceruloplasmin and whether rabbit ceruloplasmin is equivalent to human ceruloplasmin in its ability to stimulate growth of T. denticola. Also, the ability of ao-1-antitrypsin and at-2-macroglobulin to stimulate growth of T. denticola needs to be investigated.
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